One of well known methods for degrading polysaccharide is to use the reactive oxygen species. The fenton reaction can produce aggressive OH-radical, which is one of potential species of ROS, from hydrogen peroxide in the presence of catalytic metal ions. Ascorbic acid acts as a potent antioxidant necessary to cope up these oxidative damages. We found that ascorbic acid also exhibits pro-oxidant characteristics in the presence of catalytic metal ions, which can reduce the redox-active metal ions. Active size of molecules was obtained via degradation of higher molecular weight chitosan and hyaluronic acid, to obtain such active molecules, fast digestion was performed based on fenton reaction to determine the anti-oxidant activity of these molecules. Our results indicated that lysates from both the parental polysaccharides possess significant radical scavenging activity which proves that chitosan and hyaluronic acid are good anti-oxidants in terms of scavenging free radicals.
INTRODUCTION
Macromolecules can be degraded under oxidative stress produced by reactive oxygen species (ROS) or nitrogen reactive species. One of specific species of ROS, OH-radicals have been identified that can degrade some polysaccharides (1-5). Since their function has been focused in several research fields, a fenton reaction was elucidated as one of the most effective methods to produce OH-radicals. This reaction brings oxidation of organic substrates in the presence of reduced metals ions (Fe
2+
, Cu 2+ or Zn
) and hydrogen peroxide. "Fenton reaction" can alternatively be termed as "Fenton reagent" (6). In fenton reaction, hydrogen peroxide (H 2 O 2 ) is reduced by reducing catalytic metal ions (1, 7). The resulted radicles produced during fenton reaction usually live for a short span of life, hence, ultimately making the reaction site specific and also dependent on location of catalytic metal ions (7-9).
Among various organic acids, ascorbic acid tend to reduce Fe 3+ to Fe 2+ facilitating further generation of ROS by subsequent fenton reaction cycles;
Ascorbic acid acts anti-oxidant and pro-oxidant as well and the nature of ascorbic acid changes according to the situation. Furthermore, ascorbic acid has tendency to act as a pro-oxidant as antioxidant agent. So, ascorbic acid can initiate the oxidative reaction by reducing the catalytic metals ions to be reagents in fenton reactions (10-13). Herein we describe the degradation of high molecular weight chitosan, fucoidan, β-glucan and hyaluronic acid using this fenton reaction to produce bioactive molecules in simple process, including basic antioxidant activity of the products from such polysaccharides. ved in distilled water or 1% acetic acid to make final solution of 2% of each sample. To investigate the effect of metal ions in the fenton reaction, three types of samples were prepared separately Type 1 sample contained 0.5% each polysaccharide with 0.1 mM catalytic metals ions, 10 mM ascorbic acid, and 0.8% hydrogen peroxide. Type 2 sample was almost similar to type 1 samples but it lacked 0.8% hydrogen peroxide. Type 3 sample was prepared similar to Type 1 sample, but it is deficient of 10 mM ascorbic acid. After addition of all components all the 3 samples were dissolved in distilled water to produce same final volume. All the 3 samples were heated on a heat block at 80 o C for 2 hours to accelerate the degradation of polysaccharides in the presence or absence of ascorbic acid.
MATERIALS AND METHODS

Materials
Sample preparation
Reducing sugar quantification
The concentration of reducing sugar was determined using 0.5 mM NaOH PHABAH (4-Hydroxy-benxhydrazid) solution (0.025g PHABAH powder was dissolved in 10 mL NaOH (0.5 mM)). Then this solution was mixed with samples in 1:2 (Samples : PHABAH) ratio and then the resulted mixture was heated for 5 minute at 97 o C. After that, samples were centrifuged at 13,000rpm, for 3 min to remove the insoluble materials or precipitates. The degree of the hydrolysis was monitored by using a UV-spectrophotometer at a wavelength of 405 nm (Infinite M200 Pro Nanoquant, TECAN, Austria). The concentration of reducing sugar was then determined according to the values from standardization.
TLC development
After fenton reaction, each sample was loaded on the TLC plate. A mixture consisting of N-propanol : NH 4 OH : H 2 O = 7 : 1.5 : 1.5 (v/v) was used as the developing solvent. Products were visualized under UV light at a wavelength of 254 nm and 365 nm, respectively. Following sample observation under the UV light, the TLC plate was baked at 180 o C to identify each resulted sample providing sufficient time for appearance of sugars in dark using a developing solution consisting of 3% phosphoric acid and 8% copper sulfate (v/v).
Determination of antioxidant activity
Antioxidant activity of products derived from the fenton reaction was determined by the DPPH radical scavenging assay and FRAP assay, respectively, as described in our previous study (14) . For the all tests, ascorbic acid (5 mg/ mL) was used as a positive control to calculate the specific activity or relative activity in this study.
Relative activity was calculated by following formula:
RA (%) = (1 − As/An) × 100
As: absorbance of the sample; An: absorbance of the negative control.
For the statistical analysis, average values and standard deviations (±S.D.) were calculated from at least three different experiments, compared with student t-test (p<0.05).
RESULT AND DISCUSSION
Degradation of polysaccharides
As shown in Fig. 1 for Type 1 sample, all polysaccharides (Hyaluronic acid, Alginic acid, β-glucan, Fucoidan, and Chitosan) tested in this experiment were not uniformly hydrolyzed, compared to the products of enzymatic process (data not shown). In general, some identical bands were observed when a substrate specific enzyme was used for the hydrolysis. Although we did not expect to get a typical form of the products, this result made us to suggest that probably this fenton reaction may give us some rapid but unidentical process in the hydrolysis. Furthermore, we found that Type 1 and 3 samples revealed almost the similar peak pattern as compared to each other ( Fig. 1 and 3) . However, when we quantified the products in reducing sugar we found that Type 1 sample for chitosan showed slightly higher degradation than Type 3 chitosan sample. On the other hand, Type 3 hyaluronic acid was more degraded than Type 1 Hyaluronic acid sample. These results suggest that fenton reaction may depend upon the type of sugar and ROS production condition. Moreover, the result of Type 2 is more interesting (Fig.  2) as to previous. According to Fig. 2 , under UV irradiation, several peaks were observed at 254 nm wavelength, which were more prominent as compared to rest of all tested polysaccharides. According to these results, we can suggest that polysaccharides can also be degraded by combination reaction of metal ions in the presence of ascorbic acid, without interaction with hydrogen peroxide. However, it is very hard to elucidate the efficiency of such reaction, because we want to get a specific target molecule. So far several research studies described the efficiency of the enzyme activity or chemical reactions by seeing only the rate of production. Herewith we have to reconsider the definition of the specificity and efficiency of the all reactions in terms of productivity of targeting molecule. Therefore high production showed up in TLC analysis or reducing sugar quantification has to be recalculated in specific activity based on the following activity what we expected. Nevertheless, it is not able to conclude that which reaction condition is better or worse than other.
Purification of hydrolysates using IMAC Prior to investigate the quantity of reducing sugar in each sample, after the completion of the reaction, each sample was passed through a IMAC (immobilized metal affinity column,
